Glassy behavior (including hysteresis, irreversibility, a peak in the zero-field-cooled magnetization, and nonexponential relaxation) is observed in a quenched ferrofluid system consisting of 50-A magnetite particles. An 
The experiments were performed on a ferroAuid, a solution of magnetic particles suspended in a nonmagnetic solvent [5] as shown schematically in the illustration in Fig. 1 . For our sample the magnetic material is magnetite, Fe304, with a mean particle diameter of 50 Ilt and a standard deviation of~16 A. Each particle is a ferrimagnetic microcrystal. In order to avoid clustering, each particle is coated with a -20-A-thick nonmagnetic surfactant layer. The Curie temperature for bulk magnetite is =850 K [6] , which is much higher than the freezing temperature of 210 K of the solvent, a hydrocarbon oil.
For our particle size there is a single domain within the particle [5] , and to a very good approximation we can take each whole grain as a rigid moment at low temperature. The average moment of each particle p is about 3000ptt, where ptt is the Bohr magneton [7] . Earlier magnetization measurements of ferrofluid samples [8] involved much larger particles so that the moment was constrained to point along the easy axis of the particle. This suggests that a disordered dipolar system may behave as a spin glass [2, 9] . Inside each particle the crystal field creates easy axes for the magnetic moment of the grain. Electron microscopy has indicated that the particles in our sample are basically spherical so that shape anisotropy is unimportant.
For temperatures slightly below 100 K, the crystal structure of magnetite changes from cubic to monoclinic and the system develops a uniaxial easy axis [10] . As the solvent freezes, each easy axis is frozen in a random orientation so that the only relaxation process is spin rotation relative to the particle. The spins experience a random anisotropy due to the frozen easy axes.
Our It is worth comparing our results for T,"(0) with.
work on the canonical spin glasses Ag:Mn and Cu:Mn.
In those materials, T~,"is roughly in.dependent of 0 for small fields [12] . In contrast, for our samples we find an unusual increase in T, . "with increasing field at small H.
Here, the application of an external field apparently increases the barriers to spin reorientation.
In the spin glasses, the field dependence of the irreversible temperature T;,", below which the ZFC and FC curves start to differ, is consistent with the de Almeida-Thouless line [12, 13] . For the ferroIIuid, the irreversibility starts very gradually far above T ". "and the irreversible temperature T;""is difficult to specify.
In order to determine the anisotropy strength, we have measured hysteresis curves. Figure 3 shows Magnetic relaxation results are presented in Fig. 5 .
The sample was cooled in a field of H =100 6 from 150 to 15 K, at which point the field is cut to zero and the time decay of the thermoremanent magnetization (TRM) was recorded by the SQUID magnetometer.
The data are well fitted by a logarithmic form. However, we note that similar in/ fits were observed over short time intervals in spin glasses, but were later found to be inadequate to describe the data over a large range [1] . From 10 to 10 sec the remanence decreases by only 20%, indicating that the relaxation time is much longer than a few hours. In the inset in Fig. 5 [20] .
The logarithmic time dependence and the nonmonotonic temperature dependence for M(r) presented in Fig. 5 are consistent with the predictions of a recent model [21] for nonexponential relaxation based on dipole-dipole interactions. We note that nonexponential relaxation may [14] . This feature is another confirmation of random local anisotropy in our system.
There are two major differences between our system and a standard spin glass. First, we find a curvature change in the Arrott plot. von Molnar and co-workers [18] compared random-anisotropy and spin-glass properties in several amorphous rare-earth alloys. They found that for amorphous rare-earth ferromagnets the curvature changes at a specific temperature in the Arrott plot, and that this temperature is associated with the peak temperature in the zero-field-cooled magnetization. However, for the spin glass Gd037A1063, there is no curvature change in the Arrott plot from a temperature above Tg to temperatures below Tg, where Tg is the spin-glass transition temperature.
The results shown in Fig. 4 indicate that our system behaves in this respect more like a random-anisotropy system than a normal spin glass. A second difference is that the FC curve of our quenched ferroAuid sample continues to increase with decreasing temperature, while for a spin glass the corresponding curve Aat tens off below the freezing temperature.
Whether this increase in the FC magnetization below T ". ", representing continuing degrees of freedom for the spins below the nominal ordering, is unique to dipolar systems with random anisotropy or a more general phenomenon is not understood.
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